Background: Bilingual (BL) listeners' difficulties in adverse noise conditions are exacerbated when perceiving their second language (L2) relative to their first language (L1). Perception of L2 is also significantly poorer by BL listeners compared to native monolingual (ML) listeners.
Abbreviations: BL 5 bilingual; HINT 5 Hearing in Noise Test; L1 5 first language; L2 5 second language; MHINT 5 Mandarin Hearing in Noise Test; ML 5 monolingual; RTS 5 reception threshold for sentences; SNR 5 signal-to-noise ratio I t is well established that perception of speech diminishes in conditions of competing continuous noise and reverberation. Unfortunately, for nonnative bilingual (BL) listeners, perception difficulties in these adverse conditions are exacerbated when perceiving their second language (L2) relative to their first language (L1). Perception of L2 in noise is also significantly poorer by BL listeners compared to native monolingual (ML) listeners of the same language. This has been demonstrated with various speech stimuli including consonant/vowel (Takata and Nabelek, 1990; Cutler et al, 2004 Cutler et al, , 2008 ; Garcia Lecumberri and Cooke, 2006) , word (Gat and Keith, 1978; Nabelek and Donahue, 1984; Lopez et al, 1997; Kang, 1998; Meador et al, 2000; Shimizu et al, 2002; Nelson et al, 2005; Rogers et al, 2006; Shi, 2009) , and sentence materials (Lew and Jerger, 1991; Crandell and Smaldino, 1996; Mayo et al, 1997; Bradlow and Bent, 2002; van Wijngaarden et al, 2002; von Hapsburg et al, 2004; von Hapsburg and Bahng, 2006; Cooke et al, 2008; Weiss and Dempsey, 2008) . In general, nonnative BL listeners need a better signal-to-noise ratio (SNR) to achieve a similar performance level in L2 perception compared to native ML listeners.
The effect of competing noise on native and nonnative speech perception has been attributed to energetic and informational masking effects (Garcia Lecumberri and Cooke, 2006; Cooke et al, 2008) . Energetic masking refers to the loss of signal components in the auditory periphery due to an overlap of competing noise stimuli in the spectral and temporal domains (i.e., the speech signal is inaudible; Brungart, 2001; Durlach, 2006) . Stationary noise is considered a purely energetic masker. Informational masking refers to any masking effect that cannot be accounted for by the energy of the masker (Brungart, 2001; Durlach, 2006) . That is, the signal and the masker are audible but the former is unintelligible. This is a central auditory processing phenomenon. The effects of informational masking on speech perception are determined with multitalker experiments (i.e., with single-talker or multitalker competitors). When perceiving L2 stimuli in noise, BLs are disproportionately affected relative to MLs of that language by informational masking from a combination of their L1 interference and lack of L2 knowledge. Several components of informational masking have been suggested . They include misallocation of either audible masker elements to the target stimuli or vice versa, resulting in speech perception errors; competing attention of the masker whereby the listener fails to attend to the speech target; and a failure to allocate adequate processing resources to the speech target due to a higher cognitive load owing to processing speech and masker stimuli with multiple components.
The perception of L2 in noise by BL listeners is affected by a number of factors. They include type of competing stimulus (Shimizu et al, 2002; Garcia Lecumberri and Cooke, 2006; Cooke et al, 2008; Shi, 2009) , age of L2 acquisition (Mayo et al, 1997; Weiss and Dempsey, 2008) , and length of L2 experience/use (Gat and Keith, 1978; Meador et al, 2000; Shi, 2009) . In general, the younger the age of acquisition and the longer the length of L2 experience/use, the better the performance of the BL listener with L2 perception.
With respect to competition, the effect of a variety of stimuli has been investigated with nonnative speech perception. The most common competitor has been broadband noise (e.g., Gat and Keith, 1978; Nabelek and Donahue, 1984; Kang, 1998; Meador et al, 2000; Bradlow and Bent, 2002; Shimizu et al, 2002; van Wijngaarden et al, 2002; von Hapsburg et al, 2004; Rogers et al, 2006; Cooke et al, 2008; Weiss and Dempsey, 2008) . Single-talker (Lew and Jerger, 1991; Lopez et al, 1997) and multitalker speech (Takata and Nabelek, 1990; Crandell and Smaldino, 1996; Mayo et al, 1997; Cutler et al, 2004; Nelson et al, 2005; Garcia Lecumberri and Cooke, 2006; von Hapsburg and Bahng, 2006) have also been used as competing stimuli. Several researchers have compared the effect of different competitors on BL listeners' perception of L2 stimuli. For example, Shimizu et al (2002) found no significant differences between BL Japanese-English listeners' perception of monosyllabic English words in competing low-frequency weighted pink noise and aircraft noise at three SNRs. Performance was significantly poorer in competing white noise versus those two noises, and the difference was greatest at the worst SNRs. Garcia Lecumberri and Cooke (2006) examined the effect of four maskers (i.e., eight-talker speech babble, single speaker competing English and Spanish sentences, and speech-shaped noise) on BL Spanish-English listeners' consonant perception. Performance deteriorated significantly from the speech-shaped noise, competing sentences, and multitalker babble. There was no significant difference in performance with the English and Spanish competing sentences. Cooke et al (2008) explored the effect of different competing talkers (i.e., same talker, same gender, and different gender) on English sentence recognition of BL Spanish-English listeners. The participants had the poorest performance when the target and masker was the same speaker while performance was superior when the target and masking talker were of different genders. Finally, Shi (2009) examined English word recognition, from a diverse group of BL listeners, in the presence of speechweighted noise, multitalker speech, forward-playing music, and time-reversed music with a 0 dB SNR. The speech-weighted noise and multitalker speech were generally more effective maskers than the two competing music stimuli. There was no difference in performance with the two competing music stimuli.
In the studies examining the effect of different competitors on native and nonnative speech perception cited above, stationary energetic maskers alone or stationary energetic maskers compared with informational maskers (i.e., competing speech stimuli) were utilized. Herein, we examined the effect of a stationary and nonstationary energetic masker on native and nonnative listeners' speech perception with both L1 and L2 stimuli. A paradigm developed by Stuart and colleagues (Stuart et al, 1995 (Stuart et al, , 2006 Stuart and Phillips, 1996 , 1997 , 1998 Stuart, 2005 Stuart, , 2008 was utilized. The paradigm employs recognition of speech stimuli in spectrally identical stationary and nonstationary energetic maskers (i.e., continuous and interrupted broadband noises). By utilizing this paradigm one can compare native and nonnative speech perception across two different masking competitors and get an index of auditory temporal resolution simultaneously. That is, listeners experience a perceptual advantage or "release from masking" in the interrupted noise. Since the noises differ only in temporal continuity, better performance in the interrupted noise relative to the continuous noise has been attributed to the ability of listener's auditory temporal resolution. An assessment of temporal resolution capacity between groups of listeners and across different languages can be done by determining the amount of release from masking in the interrupted noise versus the continuous noise.
We chose BL Mandarin-English speaking Chinese adults as our nonnative participants in this study. One reason was simply pragmatic. In order to examine the effect of different competitors on speech perception it was important to find "equivalent" high quality digital recordings of L1 and L2 stimuli. By equivalent we imply that the materials share similar phonetic composition, grammatical complexity, and length; have similar within-list response variability and interlist reliability; and are recorded with comparable speaking rates, clarity, and naturalness of the speaker's voice with the same gender. To the best of our knowledge, the English and Mandarin materials developed by Soli and colleagues meet those requirements (Wong et al, 2007 Soli and Wong, 2008) . Our second reason was to examine the effect of linguistic experience on the index of auditory temporal resolution with the employed paradigm (viz., release from masking in the interrupted noise). Speakers of Chinese have to some extent a unique linguistic experience relative to English speakers. In turn, this linguistic experience may incline Chinese listeners to perform better on some auditory temporal resolution measures.
The main difference between the English and Chinese languages is that the latter is a tonal language where stressed syllables have a "contrastive pitch." The pitch of a syllable may be level or contour, and the specific pitch conveys lexical meaning (Li and Thompson, 1987; Norman, 1988) . That is, the meaning of a word depends not only on the contained phoneme(s) but also on the contrastive pitch of the phoneme(s). Mandarin, the most common dialect of the spoken Chinese language, has four lexical pitches (Li and Thompson, 1987; Norman, 1988) , which are characterized by their fundamental frequency contour (i.e., high-level, midrising, falling-rising, and high-falling). For that reason, a single syllable pronounced with each of the four tones would convey four different meanings. While English is not a tonal language, intonation and stress convey meaning. Syllables in Mandarin are simpler than English. They have a nuclear vowel that may occur with one or two other vowels. Initial and final consonants are optional with final consonants only being nasals (Li and Thompson, 1987) . The syllable structure, therefore, is (consonant)-(vowel)-vowel-(vowel/nasal). Most Chinese words are made of one or two morphemes. The majority of Mandarin words are polysyllabic with the overwhelming preponderance (i.e., approximately 75%) being bisyllabic (Li and Thompson, 1987; Nissen et al, 2005) . While there is a slightly higher spread of acoustic energy with spoken Mandarin (Svantesson, 1986) there is no difference in the long-term average speech spectrum compared to English (McCullough et al, 1993; Byrne et al, 1994) .
Previous researchers have demonstrated that Mandarin speakers are not only predisposed to perceive their L1 but also stimuli similar to their own language (i.e., stimuli with tonal characteristics) relative to speakers of nontonal languages. In contrast, group differences are not evident with the perception of stimuli that is dissimilar to their own language. This disparity has been ascribed to Mandarin speakers' experience with their tonal language. This has been evidenced in numerous studies employing behavioral/psychoacoustic and electrophysiological measures. Bent et al (2006) , for example, reported that Mandarin and English speakers did not differ on a nonspeech discrimination task where the stimuli and task were vastly dissimilar to Mandarin speech and speech perception. However, they found that the two groups differed on a nonspeech pitch contour task where the stimuli resembled speech and the task required categorization similar to speech perception. Mandarin speakers were also more accurate in identifying Mandarin tones than English speakers. Bent et al (2006) reasoned that the response bias in Mandarin participants was due to their linguistic exposure. Xu et al (2006a) similarly reported differences in categorical perception in native Mandarin and English speakers' perception of speech and nonspeech stimuli representing a continuum of fundamental frequency contour of the Mandarin high-level tone. Mandarin listeners displayed robust categorical perception of both stimuli while English listeners did not. Luo et al (2007) also reported Mandarin Chinese speakers identified nonspeech stimuli (i.e., frequencymodulated glides) in a manner unlike English speakers. When the task was to identify the direction (i.e., up or down) of the tone sweep, Chinese participants significantly outperformed English participants. When the task was to discriminate tone sweeps (i.e., same vs. different), there was no significant group difference. Luo et al (2007) concluded that Chinese participants performed better on the identification task because "they are experts in explicit FM [frequency-modulated] direction labeling by being tone-language speakers, and it is a task-dependent language advantage rather than a true fundamental temporal processing advantage" (p. 81). These behavioral findings parallel numerous cross-linguistic imaging studies documenting native Mandarin listeners are generally more sensitive to tonal stimuli than native English listeners and process differently at subcortical (Krishnan et al, 2004 (Krishnan et al, , 2005 Xu et al, 2006b; Swaminathan et al, 2008; ) and cortical levels (e.g., Klein et al, 2001; Gandour et al, 2003; Luo et al, 2006; Chandrasekaran et al, 2007a Chandrasekaran et al, , 2007b Chandrasekaran et al, , 2009 .
The purpose of this study, specifically, was to examine reception thresholds for sentences (RTSs) in quiet and continuous and interrupted noises with BL Mandarin-English Chinese and ML English Americanspeaking adults. RTSs were determined with English materials for the English participants and both Mandarin and English materials with the Chinese participants. To the best of our knowledge, this was the first study to utilize a nonstationary energetic masker (i.e., interrupted noise) to evaluate BL listeners' L2 sentence perception in noise. A number of research questions were of interest: Are there group differences in RTSs for the same stimuli in quiet and across the two maskers (i.e., BL Chinese vs. ML English listeners' perception of English)? Are there group differences in RTSs for L1 stimuli in quiet and across the two maskers (i.e., BL Chinese vs. ML English listeners' perception of Mandarin and English, respectively)? Are there differences in RTSs for BL listeners with L1 and L2 stimuli in quiet and across the two maskers (i.e., BL Chinese listeners' perception of Mandarin vs. English)? With respect to investigating temporal resolution, by examining the amount of release from masking, a similar line of questions was formulated: Are there group differences in the release from masking for the same stimuli? Are there group differences in the release from masking for L1 stimuli? Are there differences in the release from masking for BL listeners with L1 and L2 stimuli?
METHOD Participants
Two groups of 12 ML and BL normal-hearing young adult females participated. Both groups of participants presented with pure-tone thresholds of #25 dB HL (American National Standards Institute, 1996) at octave frequencies from 250 to 8000 Hz. Middle ear function indices (i.e., ear canal volume, peak compensated static acoustic admittance, and tympanometric width) were normal as defined by culturally appropriate normative data (Roup et al, 1998; Wan and Wong, 2002) . Participants reported a negative history of hearing, speech, language, and cognitive disorders.
The BL Mandarin-English Chinese group (M 5 25.7 yr, range 5 24-30) was comprised of graduate students at East Carolina University who were born in People's Republic of China. They were volunteers who responded to announcements soliciting participation. These BL participants completed a linguistic profile questionnaire (Grosjean, 1997; von Hapsburg and Pena, 2002) prior to testing. The questionnaire surveyed dimensions of language status, history, and competency of L1 and L2. Their L1 was Mandarin. They started to learn English as L2 at school at an average age of 11.8 (range 5 10-13). As such, they were considered to be late elective BLs (von Hapsburg and Pena, 2002) . They were considered to still be in the process of acquiring L2. A five-point Likert scale (with 1 being poor and 5 excellent) was used to assess English proficiency. Mean self-reported proficiencies were 3.3 (range 5 3-4), 3.7 (range 5 3-5), and 3.5 (range 5 3-5) for speaking, comprehension, and reading/writing, respectively. Ratings of speaking, comprehension, and reading/writing proficiency of Mandarin were reported to be excellent. Ten BL participants reported never speaking English at home. Eleven spoke English every day at social occasions and in professional situations, respectively. Eleven reported speaking Mandarin every day at home; 12 spoke Mandarin everyday at social occasions; and 8 never spoke Mandarin in professional situations. When communicating with friends, one-half only spoke Mandarin while the other half used both Mandarin and English. With coworkers, 11 spoke English while 1 spoke both languages. While at home, 11 spoke Mandarin and 1 English. At work, 11 spoke English and 1 both languages. When reading/writing for pleasure, 8 spoke both languages while the remaining 4 spoke Mandarin. All used English while reading/writing for school. When watching television, 6 viewed in English, 5 viewed in both languages, and 1 viewed Mandarin.
The ML English American group (M 5 20.5, range 5 20-23) was comprised of undergraduate students at East Carolina University who volunteered. They were rewarded with extra academic credit for their participation. The ML participants also completed the same linguistic profile questionnaire described above prior to testing. American English was their L1. All reported speaking, reading, and writing English with excellent proficiency in all instances of daily living.
Apparatus and Stimuli
The stimuli employed consisted of CD recordings of the Hearing in Noise Test (HINT; Nilsson et al, 1994) and the Mandarin Hearing in Noise Test (MHINT; Wong et al, 2007 Wong et al, , 2008 . The HINT consists of 12 lists of 20 sentences. Sentences were of uniform length with six or seven syllables spoken by a male with general unaccented dialect-free American English. The MHINT, developed with the same rationale of the HINT, also consists of 12 lists of 20 sentences with uniform length. The sentences consist of ten Mandarin characters that make up words of one to three characters each. A male from Mainland China with a standard Mandarin or Putonghua dialect spoke the sentences. The measurement properties and test characteristics of the MHINT are similar to the HINT (Wong et al, 2007 .
The competing continuous and interrupted broadband noises have been described in detail elsewhere Phillips, 1996, 1998; Stuart, 2004) . Briefly, both noises had equivalent long-term average spectra and were normalized to have equal power. They differed only in their temporal structure. The interrupted noise had a rectangular on/off envelope with randomized gating. The noise duty cycle was 0.50. The interrupted noise was characterized with noise bursts, and silent periods between them, with durations of both varying randomly from 5 to 95 msec.
The test environment was a double wall sound-treated audiometric suite. The recorded stimuli were routed from a dual-disc CD player (Phillips Model CDR 765 K02) to a clinical audiometer (Grason Stadler GSI 61 Model 1761-9780XXE) and presented monaurally to the right ear of each participant through an insert earphone (Etymotic Research Model ER-3A).
Procedure
The University and Medical Center Institutional Review Board at East Carolina University approved all experimental procedures, including recruitment and acquisition of informed consent prior to data collection. All participants provided voluntary informed consent prior to data collection. RTSs were determined in quiet and in both backgrounds of competing noise. English participants received the HINT stimuli while the BL participants received both HINT and MHINT stimuli. All participants were tested in the quiet condition first. The presentation of the two noise conditions was counterbalanced across participants. English and Mandarin stimuli were counterbalanced for the BL group. HINT and MHINT lists were counterbalanced with a Latin square design.
Twenty-sentence lists were employed with all conditions. An adaptive technique was employed (Nilsson et al, 1996) . The levels of the noises were fixed at a 50 dB sensation level with reference to the threefrequency pure tone average (i.e., 500, 1000, and 2000 Hz) of each participant. The second author, fluent in both English and Mandarin, scored participants' responses. The first sentence in quiet was presented at 20 dB HL. The first sentences in the noises were presented at 25 dB SNR. Presentation levels increased in 4 dB increments until the sentence was repeated correctly. The next sentence was presented 4 dB below the starting level with sentences three and four bracketed either up or down in 4 dB steps depending if the preceding sentence was incorrect or correct, respectively. Sentences 5 to 20 followed in the same manner except the step size was 2 dB. The 21st sentence was not presented, but its presentation level, if there was one, was determined by the response on sentence 20 (i.e., 2 dB lower if correct or 2 dB higher if incorrect). RTSs were determined by averaging the presentation levels of the fifth to 21st sentences. This value represented the presentation level at which sentences could be recognized 50% of the time (Nilsson et al, 1996) . The SNR was determined at which the RTS was achieved by subtracting the presentation level of the noise from the averaged RTS presentation level of the fifth to 21st sentences. To examine the extent of the release from masking that was experienced by listeners in the interrupted noise relative to the continuous noise, a difference score was computed where participants' RTS SNRs in interrupted noise were subtracted from their scores in continuous noise.
RESULTS

M
ean RTSs in quiet as a function of group and language are presented in Figure 1 . To investigate mean differences of RTS in quiet as a function of group and language, three separate t-tests were utilized. There was no significant difference in mean RTSs between the BLs and MLs with their respective L1 stimuli, t (22) Figure   3 . The ML group had significantly greater release from masking than the BLs with their respective L1 stimuli, t (22) 5 3.79, p 5 0.001, h 2 5 .40. The ML group also had significantly greater release from masking for the English stimuli compared to the BLs, t (22) 5 2.29, p 5 0.032, h 2 5 .19. There was no significant difference for the BLs' release from masking with L1 versus L2 stimulus, t (11) 5 -0.38, p 5 0.71, h 2 5 .013.
DISCUSSION
Performance in Quiet
The ML English participants performed significantly better (i.e., lower RTSs) than the BL participants with the English HINT materials. A number of researchers have found that BL listeners display nativelike speech recognition in quiet for L2 stimuli (e.g., Gat and Keith, 1978; Nabelek and Donahue, 1984; Takata and Nabelek, 1990; Crandell and Smaldino, 1996; Mayo et al, 1997; Rogers et al, 2006) . However, when listeners were late elective BLs, their performance was significantly poorer than native listeners (Garcia Lecumberri and Cooke, 2006; Cooke et al, 2008; Shi, 2009) . Such was the case in this report. In contrast, the difference between groups for their respective L1 stimuli was not significantly different. This finding was expected considering the HINT and MHINT were developed to have the same measurement properties and test characteristics (Wong et al, 2007 . In fact, mean RSTs in quiet are reported to be less than 1 dB between the two tests (Wong et al, 2007) . The mean RTS of the ML participants is similar to that of another group of ML adults reported by Stuart (2008) . Finally, the superior performance of the BL participants with L1 versus L2 stimuli was anticipated, as well, due to greater familiarity with their native language. This is consistent with the findings of Weiss and Dempsey (2008) , who found that BL Spanish-English listeners exhibited lower RTSs for the Spanish version of the HINT (L1) than the HINT (L2).
Performance in Noise
As expected, all groups performed better (i.e., had lower RTSs) in the interrupted noise compared to the continuous noise. In other words, listeners experienced the anticipated release from masking in the interrupted noise, relative to competing continuous noise. This is consistent with previous research with both sentence and word stimuli with the same competing stimuli (Stuart et al, 1995 (Stuart et al, , 2006 Stuart and Phillips, 1996 , 1997 , 1998 Stuart, 2005 Stuart, , 2008 .
Performance in noise with participants' respective L1 stimuli (i.e., HINT vs. MHINT) was similar in the interrupted noise; however, the BL Chinese participants had a significantly lower RTS SNR (i.e., 2.8 dB) than the ML English participants in continuous noise. The finding with continuous noise is consistent with that of Wong et al (2007) , who reported differences between the MHINT and HINT with RTSs for the former approximately 1.7 dB better with a speech spectrum shaped noise competition. The greater difference in RTSs between studies is likely due to the difference in noise maskers (i.e., speech spectrum shaped vs. flat broadband). Wong et al (2007) did not offer any explanation for the lower RTSs found with the MHINT versus the HINT. We offer two possible explanations. First, as noted above, a fundamental difference exists between the two languages in that Mandarin is a tonal language. The recognition of tones is important for speech perception in tonal languages and specifically the recognition of tones plays a significant part in sentence recognition of Mandarin (Fu et al, 1998) . Further, under degraded listening conditions in noise, the recognition of tones remains very good (Kong and Zeng, 2006) . Therefore, one could speculate that tonal recognition could enhance speech recognition of Mandarin in noise. This feature may contribute to lower RTSs for the MHINT in continuous noise. A second feature is the relative differences in phonetic content between the two tests. The MHINT contains 48% vowels compared to 38% in the HINT. Given that speech recognition is more dependent on vowels than consonants in quiet and in noise (Cole et al, 1996; Kewley-Port et al, 2007; Phatak and Allen, 2007; Phatak et al, 2008; Regnier and Allen, 2008) , one could propose that recognition of Mandarin would be easier than that of English due to the relative differences in vowel content between the two.
It was no surprise that the BL participants performed poorer (i.e., higher RTSs) while listening to HINT materials (L2) than the ML English participants in both continuous and interrupted noises. This is consistent with a large body of previous reported literature cited above. This poorer speech recognition performance in noise with BL listeners has been attributed to informational masking effects in the form of L1 interference and lack of L2 knowledge. These findings are parallel to previous studies investigating performance with the HINT and other BL listeners. BL Spanish-English listeners similarly displayed significantly higher RTSs for the HINT compared to ML English listeners (von Hapsburg et al, 2004) . As well, it was expected that the BL participants would demonstrate superior performance (i.e., lower RTSs) when listening to their native speech materials (i.e., MHINT) relative to their nonnative materials (i.e., HINT). This finding is in agreement with Weiss and Dempsey (2008) . They reported lower RTSs with BL Spanish-English participants for the Spanish version of the HINT compared to the English HINT. Finally, the RTSs displayed by the ML participants for both continuous and interrupted noise were similar to a comparable group of adults reported by Stuart (2008) .
Release from Masking
The ML group had significantly greater release from masking than the BLs with their respective L1 stimuli. Can this be interpreted as meaning that ML English participants have better temporal acuity than the BL Mandarin-English Chinese participants? We do not believe this to be the case but, rather, due to a differential masking effect on one of the two language stimuli. Recall above that the release from masking is a difference score (i.e., the difference between participants' RTS SNR in interrupted noise from continuous noise). Group RTS SNRs in interrupted noise were not significantly different while the ML English participants' RTS SNR in continuous noise was significantly higher than that of the BL Chinese participants. The lower RTS SNR found with the MHINT versus the HINT in continuous noise was attributed above to differences in the original MHINT and HINT stimuli (Wong et al, 2007) . This latter difference contributed to the group difference in the release from masking. In addition, the similar RTS SNRs in the interrupted noise for the L1 stimuli, in our opinion, reflect a floor effect in the amount of release from masking that all listeners achieved.
It has been suggested that the release from masking in interrupted noise is therefore limited by the auditory system's ability to resolve acoustic information in the silent gaps between the successive noise bursts (Miller, 1947; Miller and Licklider, 1950; Pollack 1955; Dirks et al, 1969) . We see no reason for significant elementary differences in temporal acuity between Chinese and English listeners. That is, a comparable basic auditory temporal resolving capacity should exist across listeners owing to similar underlying anatomical and physiological properties of their respective auditory systems. Behavioral and electrophysiological evidence cited above has demonstrated a task/stimuli-dependent language advantage rather than a true fundamental temporal processing advantage for Chinese listeners. While we recognize linguistic exposure may have an impact on some measures of temporal resolution, we do not expect it to be the case here. In other words, we cannot offer any reason for a language/experience-dependent advantage for sentence recognition in interrupted noise for either the ML English-or BL Mandarin-Englishspeaking Chinese participants. In fact, if there were to be an advantage, one would have expected to see it for the Mandarin-speaking participants. Mandarin speakers have better pitch representation than English-speaking listeners with both speech and nonspeech context evidenced in both auditory evoked responses and imaging studies (Klein et al, 2001; Gandour et al, 2003; Krishnan et al, 2004 Krishnan et al, , 2005 Luo et al, 2006; Xu et al, 2006b; Chandrasekaran et al, 2007a Chandrasekaran et al, , 2007b Chandrasekaran et al, , 2009 Swaminathan et al, 2008; ) and with psychoacoustic measures (Bent et al, 2006; Xu et al, 2006a; Luo et al, 2007) . Disparity in language experience (i.e., repeated exposure in tonal language to pitch contour variations for lexical distinctions) has been suggested as a causal factor. Any pitch percept that could occur from periodic modulation of the interrupted noise and used as a cue to segregate signal and noise by the listener was eliminated with random gating (Stuart and Phillips, 1998; Stuart, 2004 Stuart, , 2005 . The absence of some pitch percept would negate an advantage for the BL Mandarin-English listeners.
There was no significant difference for the BL listeners' release from masking with L1 versus L2 stimulus. It is somewhat surprising that a greater release from masking was not evidenced with their L1 MHINT stimulus. Fü llgrabe et al (2006) suggest that "perceptual restoration" is one mechanism that contributes to the release from masking in temporally fluctuating background noise. They define "perceptual restoration" as the ability to reconstruct speech by taking advantage of redundancies in speech stimuli at the acoustic, phonetic, and phonological/lexical level (i.e., a patchingtogether process). It would seem logical that BL listeners would have a better advantage in the interrupted noise for perceptual restoration with their L1 due to a better knowledge than with L2. Since this was not the case with the Mandarin-English BL participants, one can ascribe the equivalent release from masking with L1 and L2 stimuli to an underlying limitation in temporal acuity.
The findings with respect to the release from masking are dependent on the noises employed with this paradigm. Release from masking is dependent on the masking level relative to the speech signal and temporal continuity or duty cycle of the masker. It is generally recognized that as the frequency of interruption increases and SNR decreases, sentence intelligibility deteriorates (see Stuart, 2005 , for a detailed discussion). An interrupted noise with a 50% duty cycle will essentially assume the characteristics of a continuousnoise with an interruption rate of 100/sec or above during sentence recognition (Calearo et al, 1962 , Dirks et al, 1969 . While the effect of random versus regular noise gating with interrupted noise has not been investigated with sentence recognition, these gatings have been shown to be qualitatively similar with word recognition (Miller and Licklider, 1950) . Changing the level of the interrupted noise masker from 50 to 90 dB SPL has negligible effect on the SNR necessary to obtain a 50% correct criterion with sentence recognition (Dirks et al, 1969) . One could argue that at least changes in the duty cycle of the interrupted noise would affect both the ML and BL listeners equally. Manipulations of interrupted noise level, duty cycle, and gating on the BL listeners' perception of L2 stimuli remains unknown.
CONCLUSIONS
I
n conclusion, it was demonstrated that BL Mandarin-English-speaking listeners displayed significantly poorer performance when perceiving nonnative L2 sentences in quiet and in continuous and interrupted noise relative ML English-speaking listeners. When listening to their respective native L1 sentences, only a difference in continuous noise was found between these two groups of listeners. This difference was attributed to differential masking effect on the English stimuli. Similar performance in the interrupted noise between the ML English and BL Chinese participants with L1 stimuli and the equivalent release from masking with the BL participants for both L1 and L2 stimuli suggest comparable basic auditory temporal resolving capacities between these ethnic groups.
